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Phase transformation of Ti55531 alloy during
continuous heating process

WANG Guang-nan, ZHANG Xiao-yong, LI Zhi-you, ZHOU Ke-chao

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The dilatometry behavior, phase composition and microstructure of Ti55531(Ti-5Mo-5Cr-5V-3Al-1Zr) alloy
were investigated during continuous heating process, and the derivative of dilatometric curve was thereby calculated. The
results show that the phase transformation temperature increases with accelerating heating rate. Consequently, phase
transformation sequence of Ti55531 alloy at heating rate of 1°C/min is confirmed as follows: temperature below 192 C,
Wa, transforms B; 192-347 °C, B transforms wj,; 347-376 C, wj, transforms a+f and f transforms «; 409-648 C, S
transforms «; 648831 C, o transforms f; over 831 °C, full f. The activation energy value relating to a—f
transformation in Ti55531 alloy is evaluated as 188.04 kJ/mol.
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Table 1 Chemical composition of Ti55531 alloy (mass
fraction, %)
Al Mo V Cr Zr Fe Si (0] N H

5.20 4.92 496 2.99 1.08 0.402 0.078 0.075 0.005 0.001

Bl 1 -4 TiS5531 1) SEM &
Fig. 1 SEM image of Ti55531 with fS-solution status
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Fig. 2 Derivative curves of Ti55531 alloy obtained at

different heating rates
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Fig. 3 Dilatometric curve and derivative curve of Ti55531

alloy obtained at heating rate of 1 ‘C/min
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Fig. 4 XRD patterns of initial S-solution state of Ti55531
alloy and that heated to 305, 355, 566 and 676 “C at heating

rate of 1 ‘C/min



1774 A G EE R

2014427 H

T a—p AR 251 0.17% A ABUER, B o HT i 5
BEMARIZN, HFsz ERIZIK I B 347~376
CI )R E e (& 3 v BC BhR), i L
ZNAZ Y Ti55531 KaeArtEfi o, FFETRELESS R
TS AT B 4 o

HE—0 A 566 C(409~648 C X [H]), (100),+
(102),~ (110), HTHFWERE SR,  H.(110), A7 505 fb H
(002), FI(101), fiTiUE, FRW] p—a FAZIE], o HE
. BeAh, LB 566 CASWILIRAN XRD i
RO, (110)5. (200)s. (211) F7 5 [ K A1 B2 i A5
TMFEFERE B R E MK IR (211) (200)5+ (110)g, B FT
S 1) K AR FE B R IR N B A AR R A T IR
i, poa AR RET, pARREICEALE pAITE AR,
S pAH SRS, TR o AH AR AR LA KT T B AH R
1% (AR Al vy 2 AN S, R, PEBEE o AHIATHE,

A I HIZRRAT Xy 75 7 AR AR BRI i il 3
' DE BLIT/R).

XFT 676 “C(648~831 C X IANEILHIAL, o AHfT
SPEsR LIRSS, RURE a [ (a—p A%, RIN %
MAAFZIR (W1 3 v EF BR).

g ERTR, MELLE I XRD BIRf& 42 4E 192~347°C
X ] (RS AR AT A R 347~376°CIX IR I RKAT Jy, itk
TG AT I LA 7

2.3 BFBALSHT

Kl 5 45 T F RANRRRE T ) s i, T
BE— 20 W ST R R P AR AT . AV
e, KERSFNF 67 nm (1) o MSRECO AT B
BRI, H o FRTHBEH I 2 e U (LK 5()),
K% o A 0w KTU B IS S 0w B
MU H T CAT B A BRI, JIYE B[ —
IRVEEIEFE, B AH {11} g it A5 P —A it 1T o o )
PLE IR, AHS AR ST R, HEMTE IR 0.
T @un fER % AR W, BIiR a2 n A
2190 CIa, wu THEEEFRD, H o ATHBEE A
BRI 5(b))-

A 305 “C(192~347 CIX RN, o HTHREER
190 “CHf A4S AIEMT, BIUR A f—wi, 742, H
Oiso WELMT T B HAKN, HERIE KT @ FICLE
5)e —MIAA, wiso 19 won AR S5 (HCP 4
K, EE R NT pAH(BCC S5k, ik, f—wie
AR S WA A (T 3 1 AB BUITR).
Ti55531 &M &SRR 5 T R R EZR, &
ICETAC RS RGeS e BT HAH TES I 52 MK Tk
BEMIPY, o HTHESIUMEC . BT, X T o

T BRI 3t W\ ke 2 RS 9 HeE s, s e B
PR AR TR T 3T AR T i,

1t 355 ‘C(347~376 CIX[H]), &2y 10 nm. #Zy 5
nm FRIREFE a LT 90° [ G R AE B FEAA 9 33 A1 R EHT
H(B—a AR, I HME o, 75 B 305 CHEE
1D (WKE 5d)), B o K AE KRB (05— B 532
e FRAAS R, B R 0 K, ww—p 51
WRUEZM, (HFE R A poa #45, 1T pREICEM
PHOTBSE g ks, ik, BARIH S
R WA A 2 ek g A WA S RS (T 3 R B
Kt BC By, Hil, KT o X a BT HAEHE
T PR 1) a HI7E Bleo AH TSR AL A 485 58
BTN, B A 0 WEKPY; 2) o B A
PUIE o MWZIFKKR, “#HMRRR2 1 0),/(002),
MRSz, B3 ¢ S HEEP. WK s(d)Fs
o T 90 AT IR SR B, cwigo KT o FRIHT HEAE AL
6 a HEAE o FHPHT AR A

1t 409~648 CIX [H], Wil ETtm 4 415 C, B
WIEPIR o frihE B2, FHKIE N4 0.1~0.3 um
B, B RS EAELAT T2 0.3 pm (1 o ALK
5(e)), #£M a HILE 409~648 CIX [uHTH 4 H Wl
Bio EFIR o I T2), H5(112) 2 HIAE[T ], &
(11 7RI, 5 B R R AR A
5 RIS, Qs 630 CI, o Saat—L 8,
JOFEE K 1~2 um. %8 0.3 pm, JFHIELSLSALE p
B A B o A AL AR 0.7~0.8 pm(ULIEL 5(6)). AT UL,
1 409~648 CIX[H] F 2R p—a Ar, HHFARRE
JEE Bt A U 52 PR T s e o

In#E 700 “C(648~831 T, a & 630 'CH
PR B, BURA: a—p IS, B SN o RAEERTL
(LK 5(g))- T34k, B 5(2)i8 8RB L B 1) a F1E,
BB FHHIT 1~2 pm YO N 1 o S5 T BN o [ TH
&y Bl o—op FAROLSCAE S ST A, AR SOk
8, B i S o BEE TC Sy AT, B ARG E U R T AL,
MM B A pFaEC R E 5, Bk, gLt
() a PLSE TR, gkal T4 858 CHY, o AHIFI% SRS,
AR T4 p ALK 5(h)), a—p FEAREE R

MG LA A, AT LS8 B A 5E TiS5531 1&
1 C/min ELLTHR I B IARAL A1 3£ 2 Bral A
[ AR S0 DX ] P A 2 AR AR ATl B 4 2 AR
A

2.4 o—f FEERBIERE
o FIEBRET b i B s A AT,  SLRRIE R GE
TG M AERE . AR, WIEAE atp



FRE, A5 Ti55531 S eELLTHE I FEMAAS AT H 1775

524 BT
5 DL 1 °C/min FHiR A FNERE IS Ti55531 &4 B A A4 2R TEM #1 SEM £

Fig. 5 TEM ((a)—(d)) and SEM ((e)—(h)) images of Ti55531 alloy with initial S-solution status (a) and heated to different
temperatures at heating rate of 1 ‘C/min ((b)—(h)): (a) Initial microstructure; (b) 190 ‘C; (c) 305 C; (d) 355 C; (e) 415 C; (f) 566 C;

(2) 700 °C; (h) 858 °C
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Fz2  LL1C/min TR R T &R X R AR AR AT N
Table 2 Phase transformation behavior at different

temperature ranges with heating rate of 1 ‘C/min

Specific Temperature Dilatometry Phase
temperature/ C  range/C behavior  transformation
190 <192 Oan—f
305 192-347 Contraction L= 00
355 347-376 Contraction wi,—atp, f—a
415, 566, 630 409-648 Contraction f—a
676, 700 648-831 Expanding a—f
858 >831 Full g status

WEE 3B A KT IV FRD LR Rt A 2 A ek 2 B v PR )
AU, BT AR Kissinger 77 0H AR AR HOS
Ae. AR Kissinger JiEUHHE T a—p HAR N
PSR, ARG A S FRY:

7’ E
ll’l[7] =-C +E (3)

A TAFEARRIE; phin#ais; C IR HEL
E NPGIERE; R NIRRT B X In(T¢—1/T
HHATLPERIR@IE 6 FTor), W15 2] a—p FHAS RS
fie >k 188.04 kJ/mol.
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Fig. 6 Linear regression plot of In(7%¢) vs 1/T
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1) WA . X SFHERATH FUR A2 M,
ST Ti55531 4K &G A ES TR R AR P41 A
wathqﬁ; ﬁ_“‘)iso; wiso_>a+ﬁ\ ﬁ_“l; ﬁ_>a§ a—>ﬁo

2) Ti55531 & 4 AETHl el v RS TR I3 2 1 0

P, AR REEW T . Hoh e 1°C/min ()RR R
NHASREEXE: KT 192 C, KA wu—p B,
192~347 CItf, KA p—owi, AL 347~376 CHF, K
* wgo—atp F p—o 678 409~648 CHf, K4 p—a
AR, 648~831 CHY, KE a—p #4%; % 831 ‘CHY,
AR 4 B

3) MW, 58] Tis5531 54 a—p FEAR B
HSBE N 188.04 kJ/mol.
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